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Claims 

[d] l. A circuit board assembly comprising: 

a co-fired substrate comprising at least first and second 
regions superimposed and bonded to each other, the 
first region being formed of first ceramic layers that are 
superimposed and consist essentially of electrically- 
nonconductive materials, at least some of the first ce- 
ramic layers being bonded to each other, the second re- 
gion being formed of at least one second ceramic layer 
containing thermally-conductive particles dispersed in a 
matrix comprising electrically-nonconductive materials, 
the thermally-conductive particles having a higher coef- 
ficient of thermal conductivity than the electrically- 
nonconductive materials of the first and second ceramic 
layers; 

conductor lines on at least some of the first ceramic lay- 
ers so as to be between adjacent pairs of the first ce- 
ramic layers; 

electrically-conductive vias that extend through at least 
some of the first ceramic layers and electrically intercon- 
nect the conductor lines on the first ceramic layers; and 
a surface-mount IC device mounted to a first surface of 
the substrate defined by one of the first ceramic layers. 



[c2] 2. A circuit board assembly according to claim 1, 

wherein the substrate is a low-temperature co-fired ce- 
ramic substrate. 

[c3] 3. A circuit board assembly according to claim 1, 

wherein the thermally-conductive particles are metal 
and/or ceramic particles. 

[c4] 4. a circuit board assembly according to claim 1, 

wherein the substrate does not contain any thermal vias 
extending through the substrate from the surface-mount 
device on the first surface to an oppositely-disposed 
second surface of the substrate. 

[c5] 5. A circuit board assembly according to claim 1, 

wherein the substrate contains thermal vias that extend 
from the surface-mount device on the first surface to 
but not into the second region of the substrate. 

[c6] 6. A circuit board assembly according to claim 1, 

wherein the second ceramic layers have a coefficient of 
thermal expansion of within about 4 ppm/°C of first ce- 
ramic layers. 

[c7] 7. a circuit board assembly according to claim 1, 

wherein the second ceramic layers have a thermal con- 
ductivity of at least 10 W/mK. 



[c8] 8. A circuit board assembly according to claim 1, 

wherein the second ceramic layer is one of a plurality of 
second ceramic layers bonded surface-to-surface to 
form the second region of the substrate, the second re- 
gion is free of the first ceramic layers, the first ceramic 
layers are bonded surface-to-surface to form the first 
region of the substrate, and the first region is free of the 
second ceramic layers and is bonded to the second re- 
gion of the substrate. 

[c9] 9. A circuit board assembly according to claim 1, further 
comprising a heat sink bonded to the substrate, the sec- 
ond region of the substrate being between the heat sink 
and the first region of the substrate. 

[dO] io. A circuit board assembly comprising: 

a low-temperature co-fired substrate comprising first 
and second regions superimposed and bonded to each 
other, the first region being formed of first ceramic lay- 
ers that are superimposed, bonded to each, and consist 
essentially of electrically-nonconductive glass and ce- 
ramic materials, the second region being formed of sec- 
ond ceramic layers that are superimposed, bonded to 
each other, and contain thermally-conductive particles 
dispersed in a matrix comprising electrically-non- 
conductive glass and ceramic materials, the thermally- 



conductive particles having a higher coefficient of ther- 
mal conductivity than the electrically-nonconductive 
glass and ceramic materials of the first and second ce- 
ramic layers, the first region of the substrate being free 
of the second ceramic layers and the second region of 
the substrate being free of the first ceramic layers and 
being bonded to the first region of the substrate, the 
second ceramic layers having thermal conductivities of at 
least 10 W/mK and having coefficients of thermal expan- 
sion of within about 4 ppm/°C of the first ceramic layers; 
conductor lines on at least some of the first ceramic lay- 
ers so as to be between adjacent pairs of the first ce- 
ramic layers; 

electrically-conductive vias that electrically interconnect 
the conductor lines on different first ceramic layers; and 
a surface-mount IC device mounted to a first surface of 
the substrate defined by one of the first ceramic layers; 
wherein the substrate does not contain any thermal vias 
extending through the second region or the second ce- 
ramic layers. 

[c11] 11. A process of forming a circuit board assembly, the 
process comprising the steps of: 
providing green tapes of which at least a first plurality 
thereof consist essentially of electrically-nonconductive 
materials in a binder and of which at least a second 



green tape thereof contains thermally-conductive parti- 
cles dispersed in a matrix comprising electrically- 
nonconductive materials and a binder, the thermally- 
conductive particles having a higher coefficient of ther- 
mal conductivity than the electrically-nonconductive ma- 
terials of the green tapes; 

forming vias through at least some of the first plurality 
of the green tapes; 

depositing an electrically-conductive material within the 
vias and depositing an electrically-conductive material 
on surfaces of the first plurality of the green tapes; 
collating and laminating the green tapes together to 
form a green substrate; 

co-firing the green substrate to form a co-fired sub- 
strate comprising at least first and second regions su- 
perimposed and bonded to each other, the first region 
comprising first ceramic layers that are superimposed 
and formed by the first plurality of the green tapes, the 
second region comprising a second ceramic layer formed 
by the second green tape, at least some of the first ce- 
ramic layers of the first region being bonded to each 
other, the electrically-conductive material on the sur- 
faces of the first plurality of the green tapes forming 
conductor lines between adjacent pairs of the first ce- 
ramic layers, the vias filled with the electrically-conduc- 
tive material forming electrically-conductive vias that 



electrically interconnect the conductor lines on the first 
ceramic layers; and then 

mounting a surface-mount IC device to a first surface of 
the substrate defined by one of the first ceramic layers. 

[d2] 12. A process according to claim 11, wherein the green 
substrate is co-fired at a temperature of about 900°C. 

[d3] 13. a process according to claim 11, wherein the ther- 
mally-conductive particles are metal and/or ceramic 
particles. 

[d4] 14. a process according to claim 11 wherein, as a result 
of the collating, laminating and co-firing steps, the sub- 
strate does not contain any thermal vias extending 
through the substrate from the surface-mount device on 
the first surface to an oppositely-disposed second sur- 
face of the substrate. 

[d5] 15. a process according to claim 11, further comprising 
steps of: 

forming second vias through the first plurality of the 
green tapes; and 

depositing a thermally-conductive material within the 
second vias; 

wherein as a result of the collating and laminating step 
the second vias are aligned and as a result of the co- 



firing step the substrate contains thermal vias that ex- 
tend from the surface-mount device on the first surface 
to but not into the second region of the substrate. 

[d6] 16. A process according to claim 11, wherein the second 
ceramic layer has a thermal conductivity of at least 10 
W/mK. 

[d7] 17. a process according to claim 11, wherein the second 
ceramic layer has a coefficient of thermal expansion of 
within about 4 ppm/°C of the first ceramic layers. 

[d8] 18. A process according to claim 11 wherein the green 
tapes comprise a plurality of second green tapes con- 
taining thermally-conductive particles dispersed in a 
matrix comprising electrically-nonconductive materials 
and a binder. 

[d9] 19. a process according to claim 18 wherein, as a result 
of the collating, laminating and co-firing steps, the sec- 
ond green tapes form second ceramic layers that are 
bonded surface-to-surface to form the second region of 
the substrate, the second region is free of the first ce- 
ramic layers, the first ceramic layers are bonded surface- 
to-surface to form the first region of the substrate, and 
the first region is free of the second ceramic layers. 

[c20] 20. A process of forming a circuit board assembly, the 



process comprising: 

providing a plurality of green tapes, at least a first plu- 
rality of the green tapes consisting essentially of electri- 
cally-nonconductive glass and ceramic materials in a 
binder, at least a second plurality of the green tapes 
containing thermally-conductive particles dispersed in a 
matrix comprising electrically-nonconductive glass and 
ceramic materials and a binder, the thermally-conductive 
particles having a higher coefficient of thermal conduc- 
tivity than the electrically-nonconductive materials of the 
first and second pluralities of green tapes; 
forming vias through at least some of the first plurality 
of green tapes but not through any of the second plural- 
ity of green tapes; 

depositing an electrically-conductive material within the 
vias and depositing an electrically-conductive material 
on surfaces of the first plurality of green tapes; 
collating and laminating the plurality of green tapes to- 
gether to form a green substrate in which the first plu- 
rality of green tapes are collated and laminated to be 
surface-to-surface to form a first region of the green 
substrate that is free of the second plurality of the green 
tapes and the second plurality of the green tapes are 
collated and laminated to be surface-to-surface to form 
a second region of the green substrate that is free of the 
first plurality of the green tapes; 



co-firing the green substrate at a temperature of about 
900°C to form a co-fired substrate comprising first and 
second regions superimposed and bonded to each other, 
the first region being formed by the first region of the 
green substrate so as to contain first ceramic layers that 
are superimposed, bonded to each, and formed by the 
first plurality of the green tapes, the second region being 
formed by the second region of the green substrate so 
as to contain second ceramic layers that are superim- 
posed, bonded to each, and formed by the second plu- 
rality of the green tapes, the electrically-conductive ma- 
terial on the surfaces of the first plurality of the green 
tapes forming conductor lines between adjacent pairs of 
the first ceramic layers, the vias filled with the electri- 
cally-conductive material forming electrically-conductive 
vias that electrically interconnect the conductor lines on 
adjacent pairs of the first ceramic layers, the second ce- 
ramic layers having thermal conductivities of at least 10 
W/mK and having coefficients of thermal expansion of 
within about 4 ppm/°C of the first ceramic layers; and 
then 

mounting a surface-mount IC device to a first surface of 
the substrate defined by one of the first ceramic layers; 
wherein the substrate does not contain any thermal vias 
extending through the second region or the second ce- 
ramic layers. 



